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Outlineé

Ånuclear spectral function Ą why self -consistent 
Greenõs functions(SCGF)?? 

ÅFaddeev-RPAmethod

ðBenchmark study of 4He (in progressé)

ðSpectroscopic factors and correlations (56Ni ,48Ca)
(comparisonGFăĄshell -model)

ð(A comment on) spect . facts. @ driplines
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One- hole spectral function -- example

correlations

Ą distribution of momentum (pm) and energies ( Em)

independent

particle picture

Saclay data for 16O(e,eõp)

[Mougey et al., Nucl. Phys. A335, 35 (1980)]
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Quasiparticles evolve with Z/N asymmetry

Phys. Rev. Lett.92, 232502 (2005).

Single particle energies change
with proton/neutron excess é

Neutron excess
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Binding Energies of h 11/2 & g 7/2 States on Z=50

Schiffer et al.
Phys. Rev. Lett.,  (2001).
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éand similarly, their strengths
(spectroscopic factors ) change too !!!

- need deviation from mean -field

- asymm. dep. still unexplained

Phys. Rev. C77, 044306 (2008)
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What can we learn from single - particle properites ?

The (quenching of) spect . factors gives a measure of correlations

The evolution with Z/N affects the properties of drip -line isotopes

Quasiparticles can be identified with

the degrees of  freedom in the shell

model.  Their knowledge tells about: 

-single-particle wave functions

-effective interactions

-effective charges
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What can we learn from single - particle properites?

The (quenching of) spect. factors gives a measure of correlations

The evolution with Z/N affects the properties of drip -line isotopes

Quasiparticles can be identified with

the degrees of  freedom in the shell

model.  Their knowledge tells about: 

What is new in recent years?

ĄQuasiparticles around closed-shells can now be approached
with large-scale/óab-initioó calculations

-single-particle wave functions

-effective interactions

-effective charges

This talk !!



Confrontation and Convergence in Nuclear Theory ETC* Trento, 21 7 27-31

Em [MeV] 

sred ºS(h)

10-50

0p1/2

0p3/2

0s1/2

One- hole spectral function -- example

correlations

Ą distribution of momentum (pm) and energies ( Em)

independent

particle picture

Saclay data for 16O(e,eõp)

[Mougey et al., Nucl. Phys. A335, 35 (1980)]

ä -- --ðYYà=
n

A

n

A

m

A

p

A

nmm

h EEEcEpS
m

))((||),( 1

0

2

0

1)( || d



Confrontation and Convergence in Nuclear Theory ETC* Trento, 21 7 27-31

One- body Greenõs function (or propagator) describes the motion 
of quasi - particles and holes:

éthis contains all the structure information probed by nucleon 
transfer (spectral function):

)(wabg

Greenõs functions in many- body theory
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Quasiparticle and phonon excitations can be described with 
many-body Greenõs functions:

Principal Many - body Greenõs functions

two-body propagator

one-body propagator

polarization (ph) 
propagator
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Quasiparticle and phonon excitations can be described with 
many-body Greenõs functions:

Ą linked to a lot of exp. information

Ąòefficiencyó with information, only transition amplitudes 
are generated

addition removal of one particle, spectra of A 1 
particle systems, one -body density, optical potential.

addition removal of two particles, spectra of A 2 
particle systems, two -body density

spectrum of the A particle systems, one -body response

Principal Many - body Greenõs functions
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experiment without 3- , 

1- and 0+

Quasiparticle spectrum of 16O (i.e. 17F)

experiment

0+ (6.0MeV)

0+ (g.s.)

3- (6.1MeV)

1- (7.1MeV)

spectrum

of 16O
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experiment
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experiment
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experiment SCGF/Fadd

particle on
the first 0+ 

excited state 

without 3-

and 1-

without 3- , 

1- and 0+

0+ (6.0MeV)

0+ (g.s.)

3- (6.1MeV)

1- (7.1MeV)

spectrum

of 16O

Quasiparticle spectrum of 16O (i.e. 17F)

coupling a proton to
3- and 1 phonons in 16O
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Why many - body Greenõs functions??

Theory Features:

ÅFully microscopic Ąòab-initioó
approach

ÅLinked diags. Ą size extensivity

Åhierarchy of equations ñcan improve 
systematically

ÅThe computational cost scales gently 
with increasing A

ÅSuitable for parallel computing  

ÅSelf -consistency :

Åfulfillment of conservation laws

Åònoóreference state

Links to Physics:

ÅClosely related to spectroscopy
ăĄ experiments

Åòphononsó are the low-energy 
degrees of freedom ăĄ

phenomenological apps. possible

ÅThe self -energy is a nucleon-
nucleus optical potential
(see, e.g. DOM applications)

GFs are the method of choice for a global picture of nuclear dynamics

éand, yes, of course lots of information requires hard worké
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Dyson- Schwinger equation

= + SÎ SÎ

,  free particle propagator

,  correlated propagator

,  òirreducibleóself - energy

In diagrammatic form:

Ą it leads to a 1 -body equation:
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Å Non perturbative expansion of the self - energy:

Å Explicit correlations enter the òthree- particle irreducibleó 
propagators:

PRC63, 034313(2001)

PRC65, 064313 (2002)

PRA76, 052503 (2007)

ñExtendedò

Hartree Fock  ²2p1h/2h1p configurations 

Coupling single particle to collective modes

ÅBoth pp/hh (ladder) and

ph (ring) response included

ÅPauli exchange at 2p1h/2h1p 

level

¹particle

¹hole Faddeev-RPA:



Confrontation and Convergence in Nuclear Theory ETC* Trento, 21 7 27-31

FRPA: Faddeev summation of RPA propagators

TDA

RPA

ÅBoth pp/hh (ladder) and
ph (ring) response included

ÅPauli exchange at 2p1h/2h1p 
level

ÅAll order summation through 
a set of Faddeev equations

where:

References: CB, et al., Phys. Rev. C63, 034313 (2001); Phys. Rev. A76, 052503 (2007)



Confrontation and Convergence in Nuclear Theory ETC* Trento, 21 7 27-31

Self - consistent Greenõs functionapproach

pp-RPA

ph-RPA

optical potential

FULL self consistency in mid size bases in now POSSIBLE: 
16O , 8 shells ~ CB, Phys. Lett. B643, 268 (2006)
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Binding energy ðsimple cases
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[Migdal -Galitski -Boffi -Koltun (2BF)]

[C. B., to be published]

HF FRPA Exp.

He: -2.860 -2.903 -2.904

Ne: -128.550 -128.917 -128.938

Mg: -199.616 -200.052 -200.054

Ar : -526.820 -527.548 -527.544

Atoms: 

The binding energy of 4He 
agrees with the exact 

Faddeev-Yakubowsky result

(Energies in Hartrees, diff.s in mHartrees )

+44

+388

281

426

+1

å0

+2

-4

CB and van Neck,

AIP Conf.Proc. 1120, 104 (ô09)

+work in progress

Vlow- k , Ǭ=1.9 fm - 1
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Binding energies for Atoms

HF FRPA Exp.

He: -2.862 -2.903 -2.904

Be2+: -13.612 -13.656 -13.656

Be: -14.573 -14.644 -14.667

Ne: -128.551 -128.938 -128.938

Mg2+: -198.837 -199.228 -199.221

Mg: -199.616 -200.052 -200.054

Ar : -526.820 -527.548 -527.544

Phys. Rev. A76, 052503 (2007 ). + CB, Van Neck, M. Degroote , AIP Conf.Proc.1120, 104 (ô09), and 
work in progress 

Energies in Hartree / Relative to the experiment in mH

cc-pV(Q5)Z bases, extrapolated to basis limit as E X = E¤+AX-3 (º5mH accuracy)
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work in progress 

Energies in Hartree / Relative to the experiment in mH

cc-pV(Q5)Z bases, extrapolated to basis limit as E X = E¤+AX-3 (º5mH accuracy)



Confrontation and Convergence in Nuclear Theory ETC* Trento, 21 7 27-31

Binding energies for Atoms

HF FRPA Exp.

He: -2.862 -2.903 -2.904

Be2+: -13.612 -13.656 -13.656

Be: -14.573 -14.644 -14.667

Ne: -128.551 -128.938 -128.938

Mg2+: -198.837 -199.228 -199.221

Mg: -199.616 -200.052 -200.054

Ar : -526.820 -527.548 -527.544

+42

+44

+94

+388

+444

+438

+724

+0.8

-0.3

+23

+0.2

-7

+2

-4

Phys. Rev. A76, 052503 (2007 ). + CB, Van Neck, M. Degroote , AIP Conf.Proc.1120, 104 (ô09), and 
work in progress 

Energies in Hartree / Relative to the experiment in mH

cc-pV(Q5)Z bases, extrapolated to basis limit as E X = E¤+AX-3 (º5mH accuracy)

CCSD

-2.904

-14.652

-128.935

-199.219

-200.050

-0.2

+15

+3

+2

+4



Confrontation and Convergence in Nuclear Theory ETC* Trento, 21 7 27-31

Characteristics of FRPA and CC

A.B.Trofimov, J. Schirmer, J. Chem. Phys. 123 , 144115 (2005).

F-RPA,  F-TDA º


